Aims of the study. 1. To learn the extent and direction of changes in morphological indicators of blood in non-professional sportsmen, induced by long-lasting physical effort during the marathon. 2. To increase the amount of material validating the need to establish reference standards for haematologic variables in people of different age groups practising marathon running.
Introduction
In social sciences, especially in cultural anthropology, legends, literary fiction and myths falsely idealising the course of historical events, biographies of important figures, or merits of a place has long been documented as very important to social interactions [1] . There are no sources showing that this problem had ever been considered in natural sciences. It is, out of necessity and rather forcibly and unconsciously, an interesting field of research for the representatives of sciences comprising the general science of physical culture and sport. It is so because of the introduction of, 1750 years after the end of the historic battle of Marathon, the marathon run to the sports canon (initially only at the Olympics), ran along the route of the legendary Pheidippides (who is said to have had to run in full armour from Marathon to Athens). It was described in a literary way (along with the tragic consequences of this feat) by Plutarch, who lived nearly 600 years after the Persian-Greek war had ended, in his essay "The glory of Athens." The description of the incidents which are said to have occurred during and after the soldier ran the distance of about 40 km, is also hardly reliable. Historic facts of the battle fought in 490 B.C. have also been distorted by the ancient philosopher-moralist, known only to be an Archon, a priest of the Temple of Apollo Delphic, and then described in "Histories" by Herodotus several centuries afterwards.
The marathons organised today, at the beginning of the 21 st century, massive in scale, can be considered a special case of imitating legendary facts and their outcomes by an increasingly large group of people, an imitation bordering on the limits of imagination. Thousands people compete in the marathons organised in Poland. We can specify that over 35,000 competitors take part in the largest marathons in the world, and the three famous 2013 American marathons attracted 170,470 runners: 58,444 -ING New York City Marathon Festival; 56,176 -Florida Walt Disney World Marathon Festival; 55,850 -Georgia Constitution Peachtree Festival [2] .
This true phenomenon of the 20 th and 21 st century is noted and described by researchers not only dealing with competitive sports, but also with protection of human health and life. There is ample evidence that the uncritical fascination with the amount of physical effort in people of all ages can result in things quite unexpected. Just as in the literary original, lives of those who, in their sportswear, try to emulate legendary Pheidippides' feat is threatened. Deaths, even, are often documented among the marathon participants, especially those unprepared to compete in a professional manner [3, 4] .
The most common cause of fatalities among marathoners is heatstroke coinciding with hyponatraemia, known as the exertional heat stroke [5, 6] . It is also the most severe and common effect of systemic disorders associated with effort and effects of heat (the so-called exertional heat illness) in a large portion of marathoners running on sunny days [7, 8] . It comes as no surprise that in some studies, it is believed that there exist causal relationships between potential threats to marathoners' lives and the cause of death of the legendary Greek hero Plutarch [6] . Also mentioned are other causes of cardiac arrest in marathoners during sporting events. It most often occurs as a result of previous or latent diseases [9] .
Probability theory shows that a fatal accident in the marathon can happen once in 126,000 participants. It was recorded at the turn of the century that 26 fatalities occurred in marathon races, for a total of 3,292,269 participants [10] .
Taking into account the ever-increasing number of the 42,195 metre-run amateurs, it is hard not to have a reflection on the causes of fatalities in sport competitions, and on the sense of running the marathon nonprofessionally. In the light of own experience and after reviewing literature, it can be assumed that participation in the marathon and running 42,195 metres in only a few hours can be looked at in two ways:
Firstly, running the marathon, practised for centuries and denoting major success, is considered the determinant of the athlete's ambition and glory, both personal and very often international. On this basis, runners can be divided into two groups, both in men's and women's cathegory: professional marathoners and amateur ("recreational") marathoners [11] .
In the first case, a marathon runner is a person who treats competition as a source of steady income. This can be achieved with sporting talent, well-organized training, as well as with coming close to current world's best times (2:02:57 for men and 2:15:21 for women). For amateur (recreational) marathoners, enough of an achievement is to best their own record, qualify for a prestigious marathon or to run a specific number of marathons in a given year, or in their lifetime. In this case, a good result would be running the marathon in less than 3 hours. However, novice marathoners strive for a result of less than 4 hours. Marathoners are divided into different age categories, ranging typically from 18 to over 70 years. Worldwide, 60% of all runners is comprised of men [2] . In Poland, the proportions are different: women comprise only 10% of all runners taking part in marathons organised in our country [11] .
Secondly, long-term effort during the marathon can be considered also as trauma to human system, classified as such on the basis of such negative phenomena as internal hydrostatic disorder, severe overheating, small or even significant damage to the structure of muscles and connective tissue, tendon, hypoxia, hyperglycaemia, electrolyte and acid-base balance disorders, the consequences of which include osmotic concentration disorder [12] .
There can also occur homoeostasis disorders, especially in the cellular components of the blood system -neutrophils (PMNL) and to a lesser extent, the T, B and NK lymphocytes [13] .
Changes in morphological parameters of blood in marathoners after the marathon were first described more than a century ago, in an article by Blake and Larrabee [15; after 14] . Leukocytosis diagnosed in marathoners was confirmed in a number of studies, including those made at the turn of the 20 th century [e.g. 16, 17, 18] . It would be difficult to find such clear a relationship between marathoners' effort and changes in other haematologic variables. For example, some studies found in athletes a decrease in haematocrit after the marathon [19] . Other reports have not noticed any changes [13, 14, 16] , or even an increase in haematocrit [20, 21] .
Another example of obtaining different blood cell counts may be the controversy regarding the concentration of sodium in marathoners' blood. Most studies showed an increase in its concentration after prolonged exercise [14, [20] [21] [22] [23] [24] . However, there are studies in which such findings have not been confirmed [25] . It should be added that more recent results of an interesting experiment carried out during a 2001 World Cup in Ironman Triathlon 1 in Cape Town [26] are a very interesting way of explaining said differences; at the same time, they undermine the existing paradigms involving the need to take sodium during exercise, and the significance of additional hydration or even over-hydration of a hard-working competitor, as an effective measure against exertional hyponatraemia, which leads ultimately to hyponatraemic encephalopathy. The results of the experiment confirmed earlier findings, on the basis of which it could be expected that the level of Na+ in blood serum is much more dependent on changes to the total amount of water in the body, than on taking the right amount of Na + during prolonged effort [27] . These results were also consistent with the thesis that acute hyponatraemia is always caused by changes in renal function, when the amount of water filtered by kidneys does not correspond to the amount of water consumed during resting or during exercise [28] .
It is believed that some of the discrepancies in the results of studies conducted in different centres may result from the time that have elapsed since the marathon had finished until taking blood samples for analysis, the differences in marathoners' seniority and level of advancement, weather conditions during competitions, fluid and electrolytes (supplementation) intake during the run, the number of subjects and laboratory equipment used for the analysis of materials [13, 14, 29, 30] . Also important is the adoption of reference standard as the point of reference for the interpretation of the results [14, 31] . The most common is the population norm [32] [33] [34] [35] [36] . On this basis, the degree to which adaptational limits considered health norm have been exceeded is established. According to researchers from the Division of Laboratory Medicine Department of Pathology, Massachusetts General Hospital, and Harvard Medical School in Boston, and also from the Department of Medicine McLean Hospital, Belmont, MA, and Harvard Medical School [14] .
According to researchers from the Division of Laboratory Medicine, Department of Pathology, Massachusetts General Hospital, and Harvard Medical School, Boston; and the Department of Medicine, McLean Hospital, Belmont, MA, and Harvard Medical School [14] , such benchmarks are not useful in interpreting haematologic variables in physically active people who run in marathons. It is suggested that in this case, the (target) reference standard should be the parameters of the runners who completed the marathon without signs of extreme exhaustion. It was proposed to conditionally use as benchmarks results obtained in one of the studies of the participants of the Boston marathon [14] . At the same time, highlighted was the need to modify the targeted reference standards for people running in marathons because of their temporal and spatial variability. Without delving into the discussion of taking as the population norm the results of studies conducted on solely American marathoners (conducted on a small group of marathon runners (n = 9), and after four hours after the end of the run, and assuming a correct view of the need for benchmarks to be indicators of the health of athletes, an own study was undertaken, which included the measurement of (among others) haematologic variables of blood as soon after the run marathon as possible (up to 15 min). Until recently, in most studies, blood samples were taken several hours after prolonged effort.
Aims of the study
In this study, measures were taken to: 1. Understanding the extent of changes in blood morphology rates caused by long efforts in male nonprofessional marathon athletes. 2. On the basis of existing literature and the suggestions made by the researchers from Boston [14] , it was undertaken to gather study results necessary to form reference standards of succesful adaptation to physical effort, for people of different age groups and on different levels of advancement, and to es-
tablish limits of variability of haematologic variables, exceeding of which can lead to risking health and life of people physically active.
Method of the study

Material
The study involved 10 healthy men, marathoners, aged 40-60 years. They were randomly selected from among amateur runners, training in sections: "Visegrad Marathon Association" in Rytro and "Masters AZS AWF" in Krakow. Their training experience in amateur sport was similar and averaged 5 years (3-10 years). Only two of them previously started in middle-distance running at champion level.
The subjects participated in marathons several times (an average of 6 times) each year. In the meantime, they also took part in long-distance runs, both cross-country and street. Before entering the study, they participated in individual training programmes recommended by trainers who were conducting classes on the so-called "running routes." Most of the sport activities were carried out in groups under the supervision of trainers, 4-6 times a week. Annual training volume for the respondents did not exceed 3000 km.
Plan of the study
The research plan has been authorized by the Bioethics Committee, residing at the Chamber of Physicians in Krakow. The runners began the first series of tests on an empty stomach, in accordance with the project, in the morning of the day before the start of the "X Cracovia Marathon." Blood collection and analysis were performed by Laboratory of Pathology of the Musculoskeletal System at the University of Physical Education in Krakow. The second series of tests was carried out in the first few minutes after the end of the marathon in specially designed measuring labs, placed in a tent at the finish line. The collected blood was immediately transported to the same laboratory in order to perform the analysis of the collected material with the use of the same method as before the marathon.
The scope and methods of the study
This study utilises only a part of a complete set of haematological, rheological and biochemical blood tests performed on amateur marathoners' blood before and after the run, which concerned only haematologic variables (morphology) of blood, such as: -the number of red blood cells, RBC (10 6 Results of the study Table 1 presents the results of measurements of blood morphological parameters in 10 tested men, the day before the marathon and the first few minutes (15 minutes) after its completion, with no signs of extreme exhaustion. They are shown against reference standards [36] , arithmetic means and standard deviations of blood morphological parameters of the control group. The control group comprised of healthy, non-training peers -blood donors from the Regional Blood Center in Krakow. The extents of variation of individual measurements were shown in Fig.  1-3 . against the aforementioned reference points.
Analysing the parameters examined before the run, the values relating to white blood cells, red blood cells, and other morphological parameters may raise concerns about the health of those practising sports. What draws attention is the relatively low level of leukocytes before the run (!), which was in the lower range of the reference standard and below the average level found in the control group (Table 1 , Fig.1-3 ).
This state can be interpreted, on the one hand, as a process of adaptation to physical effort, but on the other hand, there are reasons to see in it symptoms of leukopenia or only pseudo-leukopenia. Perhaps overexploitation of haematopoietic system and leukocyte casts (up to 15,000 in 1 mm 3 ) right after the race, were the [14] 5.6 ± 0.98 17.0 ± 3.18
Smith JE. et al. 2004 [38] 6.4 ± 1.4 17.4 ± 3.6
Whiting PH. et al. 1984 [39] --Ricci G. et al. 1988 [40] 6.3 ± 1.8 8.0 ± 1.8
Spiropoulos K. et al. 2003 [41] 5.733 ± 1.6 6.7 ± 1.7
Martin P. et al. 1977 [42] -5.6 ± 0.97
Robertson JD. et al. 1988 [43] -- [38] 14.8 ± 1.3 14.7 ± 1.5
Whiting PH. et al. 1984 [39] 14.5 ± 0.8 14.7 ± 0.9
Ricci G. et al. 1988 [40] 13. [41] 42 ± 1.5 39.9 ± 1.7
Martin P. et al. 1977 [42] 43.8 ± 2.5 -Robertson JD. et al. 1988 [43] --
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a statement can be confirmed by similar results of tests performed on amateur marathoners in different countries of the world (Table 2abc) . Analysis of individual and group erythrocyte parameters (RBC, HGB, HCT, and PLT) allows to note a similar trend to that seen in leukocyte parameters (Table 1) . Attention is drawn to the relatively low level of haemoglobin, erythrocytes, haematocrit, and reticulocytes, and a high ratio of the average red blood cell volume in majority of runners. MCV value (at the level of upper range of the reference standard and above average level of the peer group) can attest to the existence of macrocytic red blood cells in subjects' blood (Table 1 , Fig. 2-3) .
From the standpoint of medicine, the erythrocytic system in subjects before the race should be regarded as indicative of macrocytic anaemia in most of them. Additionally, such a statement can be confirmed by relatively high levels of reticulocytes (RET), as more cells could inflate the value of MCV. The high average concentration (MCHC) and mass (MCH) of haemoglobin in red blood cells should be taken into account in determining the type of anaemia. [14] 227.6 ± 50.31 267.7 ± 60.30
Smith JE. et al. 2004 [38] 244.2 ± 50.5 267.9 ± 54.9
Whiting PH. et al. 1984 [39] --Ricci G. et al. 1988 [40] 269 ± 81 314 ± 95
Spiropoulos K. et al. 2003 [41] 142 ± 10.2 215 ± 4
Martin P. et al. 1977 [42] --Robertson JD. et al. 1988 [43] -- [14] 88.8 ± 3.59 88.5 ± 3.69
Author
Smith JE. et al. 2004 [38] --Whiting PH. et al. 1984 [39] --Ricci G. et al. 1988 [40] 88 ± 3 88 ± 3
Spiropoulos K. et al. 2003 [41] --Martin P. et al. 1977 [42] -85.9 ± 2.9
Robertson JD. et al. 1988 [43] 87. [14] 29.9 ± 1.27 31.0 ± 1.23
Smith JE. et al. 2004 [38] --Whiting PH. et al. 1984 [39] --Ricci G. et al. 1988 [40] 28.9 ± 1 28.8 ± 1
Spiropoulos K. et al. 2003 [41] --Martin P. et al. 1977 [42] -30.4 ± 1
Robertson JD. et al. 1988 [43] --
However, relating most of the discussed anomalies to physiological reactions of people training systematically, it turns out that they may be considered as a result of the athlete's body's adaptation to specific physical effort. Most often, it is associated with the post-effort increase in blood plasma. In such a case, decreased blood morphological parameters (HGB, HCT, and even RBC) in athletes should be perceived in relative terms. Therefore, "sports anaemia" characterised above is also known as the "alleged anaemia." Taking into account the possibility of such a phenomenon in subjects prior to the start in "X Cracovia Marathon," it is difficult not to point out the possibility of anaemia in some of them (which decreases the ability of blood to carry oxygen). Confirmation of such a phenomenon may be found in the result of a comparative analysis of the mean values of a number of parameters of the erythrocytic system, and in studies (to be found in subject literature) of red blood cell indices in other non-professional marathoners (Table 2 abc). In relation to the comparative material, blood haematological variables of the subjects were: a) the lowest for WBC, RBC, and (with one exception) in the HGB, PLT, b) the highest in all the red cell indices: MCH, MCHC, MCHV. Without going deeply into the aetiology of the phenomenon found in all the patients, it would seem that a more detailed analysis is in order: an analysis of the reasons for the low level of most of the erythrocytic parameters in some marathoners, to preclude the need for medical treatment to improve them. After analysing haematological variables of blood in all subjects who completed the marathon without signs of extreme exhaustion, it can be assumed that the variability in relation to the pre-effort state (statistically significant differences except for HGB, MCV, RET - Table 3) properly reflects the nature of the physiological response during prolonged effort. Blood samples were collected only a few minutes after the end of the run, unlike in most of the studies, that is after a few hours [14] . As in other observations (Table 2abc) , with the exception of the level of white blood cells (WBC), the range of morphologi- [38] --Whiting PH. et al. 1984 [39] --Ricci G. et al. 1988 [40] --Spiropoulos K. et al. 2003 [41] --Martin P. et al. 1977 [42] --Robertson JD. et al. 1988 [43] 98 ± 29 93 ± 44 Table 1) . The existing differences in the ranges of parameter variation, reported in some materials, should be interpreted as the effect of the use of different methods of blood analysis and, most of all, the time that has elapsed since the completion of the marathon as well as the season during which the marathoners perform the run [44] . 
MCV
reference standard before the marathon after the marathon control group ± SD Fig. 3 . MCV, MCH and MCHC values before and after running the marathon in studied men compared to reference standard and mean value of the control group Table 3 . The arithmetic means, standard deviations and differences investigated parameters before and after the marathon Post-effort increase in haemoglobin and haematocrit is most likely due to the decrease in the amount of fluid in blood as a result of evaporation of water (sweating). Similarly, an increase in haematocrit and a visible increase in the number of platelets after marathon may confirm the typical phenomenon of physiological changes under the influence of physical activity. It is believed that both the extent and different direction of the changes to parameters of the erythrocytic system after exercise, not different from physiological standards, may be a function of not only current training, but also of the level of morphological parameters of blood before start, of the year (internship) training, and of the process of hydration and supplementation of the body during prolonged effort.
Conclusions and discussion
Undoubtedly, the results of the study, and the fact that all subjects managed to finish the run without signs of extreme exhaustion, is a sign of being well-prepared for running the marathon. It is interesting that the runners who were found before the start to have reduced levels of some haematological variables also managed to avert extreme exhaustion. What follows is that from the point of view of sports, low level of advancement can not be a contraindication to participate in sports. Comparative analysis of the arithmetic means of the collected material and other results of studies of marathoners after finishing marathon enables one to observe that the ranges of variation for pre-effort and haematological variations in non-professionals were very similar (Table 2abc ). Therefore, one can assume that the results of this study, as suggested by the American scientists of the Division of Laboratory Medicine, Department of Pathology, Massachusetts General Hospital, and Harvard Medical School, Boston; and the Department of Medicine, McLean Hospital, Belmont, MA, and Harvard Medical School, [14] , can be a contribution to the development of reference standards for non-professional marathoners. An additional advantage of this study is that it is based on material collected very shortly after the end of marathon (effort); it was a way to minimise the post-effort restitution processes.
Without going into the meaning of the development of such standards and targets for the sport, one can reflect (from the medical point of view) on the point of exerting effort on human body over long periods of time, leading to a significant overloading organs and systems, especially in the elderly. There are already a number of reports in the field of physical exercise physiology questioning the health aspect of running in marathons or intensive endurance training [45] [46] [47] [48] [49] [50] .
Analysing the haematological variables of subjects, one comes to conclusions similar to those of the scientists from the Department of Cardiovascular Diseases, John Ochsner Heart and Vascular Institute, Ochsner Clinical School, University of Queensland School of Medicine, New Orleans; St. Luke's Mid America Heart Institute, University of Missouri, Kansas City and the Department of Family Medicine, Kaiser Permanente Medical Center, Fontana [45] . In their meta-analysis, they came to the conclusion that long-term endurance training and marathons bring less benefit and more harm. Parameter levels before and after effort suggest that both the long-term effect of running and effort during the marathon could cause injury to human organism. Adverse effects can be classified on the basis of such negative phenomena as internal hydrostatic disorder, severe overheating, small, or even significant damage to muscle and connective tissue structures, tendons, hypoxia, hyperglycaemia, acidbase balance disorders -thus, also electrolyte balance disorders, the consequences of which are connected to osmotic concentration disorders. During prolonged run, homoeostasis disorders were inevitable, particularly in blood morphological system, in particular to neutrophils (PMNL) and to a lesser extent, to the lymphocytes (Tcells, B and NK).
Another negative phenomenon, well-described in literature, is the athlete's body's specific immune response to strenuous exercise [51] [52] [53] . As we know, hard physical work stimulates the adrenergic system, which, contrary to expectations, decreases the activity of adrenergic receptors on the cell surface of lymphoid lineage. The result is quite fast pathological response (especially in marathon runners), reflected in an increased incidence of upper respiratory tract infections described as URTI (Upper Respiratory Tract Infection) and WURSS-24 (Wisconsin Upper Respiratory Symptom Survey).
Similar adverse pathophysiological effect accompanying intensive effort is hypercortisolemia -a release of lymphoid cells from bone marrow and spleen to lymphatic system, thus the number of these cells in peripheral blood does not increase so radically as the number of neutrophils, causing a higher propensity to infection. Granulocytes during intense effort leave the extravascular pool -the so-called marginal tissue and enter the bloodstream (here occurs the phenomenon of increased active diapedesis). Evidence for this is not only the increased number of these cells in peripheral blood, but the increased value of calprotectin in blood plasma [54] ; and calprotectin is closely connected to the immune system.
Following the results of this study (Table 1 ) and those cited in Table 2 abc , it seems difficult to resolve the slight increases, or even no response after the marathon to erythrocyte line parameters such as RBC, Ht, MCV, MCHC, HCH, and even decrease in the case of reticu-
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locytes. Robertson et al. [43] , and Davidson et al. [55] found that in a certain sense, this balance in the red cell line can be maintained, based on the principle, which states that "younger cells may have subsequently been released (bone marrow) into the circulation pool and/ or older cell removed (age 100-120 days)," both in the vascular system of the spleen (capillars penicilli) and the capillary system of the peripheral vascular system. Furthermore, Robertson et al. [43] states that reticulocyte count was measured in absolute value per litre of blood, our calculations in (‰ -universally accepted) relative units, nevertheless in both cases, decrease in the number of these cells was reported. No radical changes in the number of RBC and HCT is difficult to explain on the basis of bone marrow hyperplasia of up to 50% of cell proliferation, proven by the authors [56] who performed a detailed study using MR of the distal part of the marathoners' femurs. Unfortunately, the authors did not confirm this phenomenon with calculations of peripheral blood cell counts. Perhaps, despite the effort, and thus increased blood circulation, phenomenon known as "haematologic barrier" (associated with bone marrow sinus system) is at play, as evidenced by the almost unchanged number of reticulocytes [57] . Dąbrowski et al. [58] demonstrated that spastic the muslce contraction (experimentally induced muscle spasm) shut off the flow path of blood from the marrow sinuses (sinus venosus) to the vascular system, after the end of contraction (diastole muscles), caused a significant outflow of reticulocytes to peripheral blood. But during the run, especially with trained runners, limb muscle work is long-lasting and temperate and spastic contractions never occur. Moreover, Londeree & Allaire [59] pointed out in 1969 that: it would be expected that reticulocyte count would increase with severe exercise in sedentary but not trained subjects! In addition, the increased loss of "older" forms of RBC, and the emerging pool of "young" RBC -even in small amounts in the marathoners is capable of provide more oxygen for the system, and thus, increased RBC count seems unnecessary.
Ricci et al. [40] have pointed out that even elevated erythropoietin in long-distance runners do not increase the number of RBC, which can be largely explained by maintaining homeostasis, in contrast to many biochemical indicators, especially regarding liver and adrenal gland; on the other hand, the effects of erythropoietin influence are not immediate.
To finish the discussion about the impact of running the marathon on haematological variables of blood in athletes studied, let us make several observations highlighting the benefits of physical activity undertaken. On the basis of own data and the results obtained by various authors cited (Table 1) on peripheral blood cell counts, it is clear that the erythrocytic system of the subjects was characterized by unusual stability, and increased values of white blood cell system, especially neutrophils, were short-lived and returned to normal after short time. Most often it is 24 hours [60] after the effort. The same applies to the number of platelets. Do RBC change their rheological properties in marathoners -due to their deformability, this will be the subject of a separate study.
The stability of RBC parameters (MCH, MCHC, etc.), serving as the main conveyors of oxygen and carbon dioxide, allowed the marathoners to run long distances without extreme exhaustion. On the other hand, the large respiratory bronchopulmonary/pulmonary surface, exposed to external invasion of microbes, allergens, dust due to heavy breathing was well-protected by an increased number of leukocytes. Evidence of this is especially the significant leukocyte cast, which confirms the release of defaulting white blood cells in muscles and lungs, a result of increased blood flow during physical effort.
In this case, the effort as well as the post-effort state do not enable us to conclude that the use of a one-off exercise around norm and long-term use of training load by older people leads only to adverse health effects. The conclusion to reflections on the relationship between running the marathon and haematological variables in non-professional marathoners begs the sentence by the father of medicine, Hippocrates: "If we could give every individual the right amount of nourishment and exercise, not too little and not too much, we would have found the safest way to health" [45] .
In terms of application, for people of all ages running the marathon, following conclusions may be suggested: 1. Own results of haematological variables of blood in subjects of different age groups practising sports non-professionally (based on blood collected in the first minutes after the end of prolonged effort) can characterize the actual extent and direction of changes in effort during the marathon. 2. It is necessary to develop benchmarks to evaluate the morphological parameters of blood in non-professional marathoners, which will be different from the populational reference standards. 3. Seasonal changes affecting the elements of the morpho-kinetic and biochemical components of the blood should always be taken into account [44] .
